Purpose Fibromyalgia (FM) is a chronic pain disorder associated with pain and hypersensitivity in various parts of the body. The aim of this study was to understand whether changes in corneal sensitivity were associated with the subjective complaints of these patients. Patients and methods In this study, we included 36 patients with FM (30 female, 6 male, mean age: 46.7 ± 9.2 years) and 39 healthy control subjects (33 females, 6 males, mean age: 44.3 ± 7.6 years). We performed a detailed ophthalmological examination, measured tear film breakup time (TBUT), and performed Schirmer I test without anesthetic (SIT). Only patients that did not have any eye disease were included in this study. Subjective complaints of the patients were evaluated with ocular surface disease index (OSDI) scores and the corneal sensation was evaluated with Cochet-Bonnet esthesiometer. Results There was no significant difference between the groups for age, sex, and visual acuity. Both SIT (16.1 mm vs 15.3 mm, P = 0.36) and TBUT results (17.8 s vs 18.8 s, P = 0.40) were similar in FM group and the controls subjects. However, corneal sensations in central (60.0 mm vs 55.0 mm, P = 0.03), superior (57.5 mm vs 50.0 mm, P = 0.005), and inferior (53.89 mm vs 46.03 mm, Po0.001) regions were significantly increased in FM patients. There was a significant positive correlation between corneal sensation and OSDI scores. Conclusion In this study, we have demonstrated that the patients with FM have increased corneal sensitivity and have related ocular surface complaints similar to dry eye disease in the absence of it.
Introduction
Fibromyalgia syndrome (FM) is a chronic pain disorder that is characterized with generalized musculoskeletal pain, fatigue, cognitive dysfunction, sleep disturbances, and mood disorders. The etiology of FM is not completely known but neurosensory sensitization is a generally accepted mechanism in the pathogenesis. Several studies reported the prevalence of FM as high as 4.9% in females and 2.9% in males. [1] [2] [3] [4] [5] Neurosensory sensitization may affect perception of pain in various medical conditions. LluchGirbes et al 6 found that patients who have osteoarthritis with sensitization had perceived more pain than those without. In a meta-analysis, Fingleton et al 7 found that patients who had osteoarthritis with sensitization had more severe symptoms compared with patients without sensitization. Similarly, previous studies on FM have shown that FM is associated with various neurobiological and psychological factors that can induce chronic central pain. Unlike the other senses (touch, hearing, smell, and taste), adaptation cannot develop in pain because of wind-up phenomenon. Repeated application of constant low intensity pain stimulus amplifies pain, only as a feature of pain. This pain amplification leads to increased sensation of pain. This amplification mechanism is controlled by supraspinal centers and it is impaired in FM. 8 Consequently, a painful stimulus with low amplitude is perceived as intense pain. 9, 10 In clinical practice, sometimes FM patients present to ophthalmology clinics with complaints of subjective ocular pain in the absence of any ocular disease. In general, clinicians prefer to prescribe these patients lubricants, as if they had dry eye disease. 11 Most of these patients can not benefit from this treatment and keep visiting other ophthalmologists with similar complaints and still do not get any improvement in their condition.
The Cochet-Bonnet test is a subjective test that is used to evaluate corneal sensation. In this test, a nylon monofilament is touched to the corneal surface and perceived length of the filament is recorded. The CochetBonnet test is preferred for the evaluation of corneal sensitivity after corneal surgeries or in various ocular surface diseases. 12, 13 In this study, we have evaluated subjective complaints of FM patients with ocular surface disease index (OSDI) and studied corneal sensation with Cochet-Bonnet test in FM patients. Our aim in this study was to understand whether the subjective complaints of FM patients in the absence of ocular pathology or dry eye disease were related with a central change in the perception of corneal sensation.
Materials and methods
FM patients followed at physical therapy and rehabilitation clinic of our hospital were referred to our ophthalmology clinic. An age and gender matched control group was selected among ophthalmology clinic patients, who applied to our clinic for routine eye health control. Ethical approval for carrying out this clinical study was obtained from the Istanbul Medeniyet University institutional review board on human research. The study was conducted in accordance with the tenets of the Declaration of Helsinki. Informed consent was obtained from all participants upon explanation of the purpose and procedure of the study.
A detailed ophthalmic and medical history was obtained and OSDI scores were recorded in all cases. All participants underwent a comprehensive ophthalmic examination including measurement of best corrected visual acuity (BCVA), slit lamp examination, indirect ophthalmoscopy, tonometry, tear film breakup time (TBUT), Schirmer І test without anesthetic (SIT), and Cochet-Bonnet esthesiometer test. All of FM patients fulfilled American College of Rheumatology 2010 diagnostic criteria, which includes the following: (1) to have a widespread pain index score (indicative of the number of body regions that test positive for pain; range, 0-19) of ≥ 7; (2) to have a symptom severity scale score (a systematic measurement of secondary symptoms present in FM; range, 0-12) of ≥ 5; (3) to have had persistent symptoms for at least 3 months; and (4) to not have an overlapping disorder that might otherwise explain these symptoms. 1 Subjects with dry eye diseases, blepharitis, conjunctivitis, keratitis, uveitis, glaucoma, or other disorders, which may lead to ocular pain, patients with allergic, inflammatory, or infectious diseases at the orbital or periorbital area, patients with headache caused by diseases other than FM were excluded from the study. Subjects who had a history of diseases that might cause a loss in corneal sensation such as herpetic keratitis, trachoma, Stevens Johnson syndrome, or participants with a history of a ophthalmic surgery were excluded from the study.
Tear film breakup time
A fluorescein strip was placed into the inferior conjunctival fornix for staining and removed. The time interval between the last complete blink and the appearance of the first dry spot or discontinuity on the tear film was measured with a stopwatch, in order to evaluate tear film stability and quality. TBUT o10 s was considered abnormal.
Schirmer І test
SIT was performed without topical anesthesia in order to measure tear production. A 5 × 35 mm filter paper strip was placed on the lateral one third of the inferior fornix without touching cornea. Five minutes after insertion, the length of the strip wetted by tears was recorded in millimeters.
Cochet-Bonnet esthesiometer test
Cochet-Bonnet esthesiometer consists of a nylon filament 60 mm in length and 0.12 mm in diameter. After the patient's head was placed on chinrest of the slit lamp, the filament was brought to contact with corneal epithelium very smoothly at a perpendicular angle until a slight bending of the filament is observed. Starting from 60 mm different filament lengths with 5 mm interval was tried until the patient noticed the smooth contact on their cornea. Measurements were repeated in five different corneal locations (central, superior, inferior, nasal, and temporal). All of the dry eye tests and corneal sensation tests were performed by the same clinician (ICU) for every patient.
Statistical analyses were performed using the SPSS software (ver. 20.0; SPSS Inc, Chicago, IL, USA). The distribution pattern of the data was analyzed with Kolmogorov-Smirnov test. Normally distributed data was presented as mean ± SD and non-normally distributed data was presented as median (minimummaximum). Comparisons between groups with normally distributed data were done with Student t-test and MannWhitney U-test was used preferred in case of non normal distribution. Correlation statistics were performed with Pearson or Spearman correlation analysis, according to the distribution of the data. P-values below 0.05 were accepted as statistically significant.
Results
Thirty-six patients with FM (30 females, 6 males, mean age 46.7 ± 9.2 years) and 39 healthy individuals (33 females, 6 males, mean age 44.3 ± 7.6 years) were included in this case-control study. There was no statistically significant difference between the groups for age, sex, BCVA, SIT, and TBUT results ( Table 1) . OSDI scores were significantly higher in the patients with FM (19.89 ± 13.70) compared with healthy controls (6.13 ± 4.09) (Po0.001).
Corneal The corneal sensation results at the central, superior, and inferior regions were significantly higher in the FM group compared with control group (P = 0.033, P = 0.005, and Po0.001, respectively). However, there was no statistically significant difference at temporal and nasal regions between the groups (P = 0.282 and P = 0.518, respectively) ( Table 2) .
We have also studied whether there was a correlation with dry eye related findings and corneal sensation in these patients (Table 3 ). There was a significant positive correlation between corneal sensation results from all five regions of cornea and OSDI scores seperately. However, we did not observe any correlation between corneal sensation results and SIT or TBUT results.
Discussion
There are two sensitization mechanisms: central sensitization and peripheral sensitization. FM is generally accepted as a condition associated with central sensitization. Peripheral sensitization is also suggested to contribute pathogenesis of FM. In central mechanism, inhibitory neural signals that descend from the supraspinal centers to the brainstem can be reduced or impaired. [9] [10] The normal function of inhibitory neural signals is restriction of pain. Central sensitivity syndrome may occur together with peripheral sensitization or may occur afterwards. C and Aδ fibers are thinly myelinated, slightly larger, and highly selective and higher threshold nociceptors, whereas Aβ fibers are larger myelinated, highly specialized, and have low-stimulus threshold mechanoreceptors that senses touch stimuli. Long-term and intense painful stimulus leads to genotypic and structural changes on the Aβ fibers and their mechanoreceptors. These changes can lead to peripheral sensitization. Therefore, Aβ fibers transmit their touch signals as pain.
These changes also occur in upper neural centers (dorsal horn of the spinal cord and the trigeminal sensory nucleus). Postsynaptic receptors are continually stimulated by proinflammatory mediators, which are released from activated microglia in the synapse region, even when peripheral afferent stimuli are ceased. Thus, central sensitization can also arise from peripheral sensitization. [14] [15] [16] [17] [18] [19] Studies on patients with osteoarthritis revealed that sensitized patients perceive pain more severely than others. 6, 7 In a functional magnetic resonance imaging study, Gracely et al 20 showed that the amplitude of pressure stimulus required to activate in cerebral pain-processing areas of the brain is lower in FM patients compared with healthy individuals. Biochemical data on FM also supports the central sensitization hypothesis. In these studies, the amount of substance P, which is a pronociceptive substance, was found higher whereas the antinociceptive noradrenaline metabolite (3-methoxy-4-hydroxyphenylene) was in lower concentration in FM patients. These peptides have an important role in pain processing. Currently, many drugs that are developed for FM treatment show their effects by increasing the decreased adrenergic activity in the central nervous system. [21] [22] In ophthalmology practice, we encounter central sensitization in patients who have sensitized trigeminal brainstem nuclear complex, which perceives corneal sense. These patients report a different stinging sensation in their eyes. In this condition, different stimuli arising from cornea is perceived as pain (allodynia) or lowdensity painful stimuli is perceived too strongly (hyperalgesia). [23] [24] [25] [26] 
Eye
Shtein et al 23 demonstrated that central corneal sensitivity was higher in dry eye disease and FM patients, whereas they found that corneal nerve fiber density had only decreased in confocal microscopy measurements of the FM group, but not in the dry eye disease group. The Schirmer test results and TBUT scores were also lower in FM and dry eye groups compared with control group in that study. There was no correlation between corneal nerve density and corneal sensitivity, but the reason for this was not explained in the study. 23 Similarly, other confocal microscopy studies also confirmed that FM patients had a thinner and less dense subbasal nerve plexus structure. [24] [25] Gallar et al 26 compared 20 FM patients and 18 healthy subjects, to evaluate corneal sensation in FM. They found that corneal sensitivity to chemical stimulation, heat and cold was increased, while sensitivity to mechanical stimulation remained unchanged. The authors attributed this change to dry eye disease in these patients, as FM group had lower Schirmer test score. 26 In these studies, patients with FM were not separated from dry eye disease patients and even reported that many FM patients had findings related with dry eye disease. Therefore, it was not possible to predict whether corneal sensitivity was affected by dry eye disease or FM in those studies.
In this study, we excluded patients with SIT score of o10 mm/5 min and a TBUT of o10 s. Thus, we were able to prevent the impact of dry eye disease on OSDI scores in our study. We measured corneal sensation at five distinct areas and different results were obtained. Sensitivity was significantly higher in the upper, lower, and central areas of the cornea in FM patients compared with control subjects. These findings were consistent with the abovementioned mechanisms. It is also possible that the impact of FM on corneal subbasal nerve plexus may not be uniform in different sections of the cornea.
Dry eye disease is one of the most common ocular pathologies affecting around 20% of adults older than 45 years. 27 We also know that, many patients who are referred with severe dry eye complaints, have exaggerated responses to environmental stimuli or tear drops, which does not normally cause irritation or are mildly irritating. There are also many studies that report neurosensory dysfunction such as a symptom of dry eye disease. In routine clinical practice, many clinicians perceive or even treat this condition such as dry eye disease. 11 Here we observed that patients with FM had increased OSDI scores in the absence of dry eye disease. In order to exclude the possibility that these patients might suffer a subclinical reduction in tear production or quality, we performed Schirmer test and TBUT. Our results indicated that there was no statistically significant difference in tear quantity or quality between our FM group and control subjects. Although SIT and TBUT scores did not correlate with corneal sensation, OSDI scores correlated significantly with all corneal sensation results from five different corneal regions we studied. Therefore, we believe that this increase in OSDI scores is related with the changes in corneal sensation rather than factors related with ocular surface pathologies. 
